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FOREWORD 

The tests described herein were conducted a t  the Arnold 
Center Von Karman F a c i l i t y  Hotshot I1 Wind Tunnel, Arnold A i r  
Force S t a t i o n ,  Tennessee, during the period from 2 J u l y  t o  
17 J u l y ,  1962. 

T h i s  r e p o r t  was prepared by M. H. Cohen of the  Wind 
Tunnel P ro jec t s  Group, Los Angeles Division. 
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ABSTRACT 

Force tests of a 0.04-scale model (PS-4) of the Apollo 
command module were conducted i n  the  Von Karman F a c i l i t y  
Hotshot I1 Tunnel a t  a Mach number of approximately 18.7. 

T h i s  r e p o r t  p re sen t s  bas ic  wind tunnel  t es t  data only, 
i n  o rde r  t o  make the tes t  r e s u l t s  a v a i l a b l e  a t  the earliest 
poss ib l e  date. Analyses and summary of r e s u l t s  will be 
repor ted  l a te r  under separate cover. 
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I. INTRODUCTION 

Hypervelocity wind tunnel  t es t s  of the O.&-scale 
Apollo f o r c e  model FS-4 were conducted t o  i n v e s t i g a t e  
s t a b i l i t y  c h a r a c t e r i s t i c s  of the command module i n  the 
re -en t ry  pos i t i on .  The tests were conducted a t  app-oximately 
the fol lowing tunnel  condi t ions:  

Mach Number = 18.7 
Reynolds Number = 8.5 x lo4 (based on diameter) 
Veloci ty  = 9,000 ft/sec. 
Reservoir  Temp. = 3500'K 

The model was tested over an angle  of a t t a c k  range 
of 120' t o  180". 

Pretest information was given i n  Reference (a ) .  
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11. REMARKS 

During the first run, the  model i n t e r n a l  support  
s t r u c t u r e  y ie lded  permi t t ing  the model she l l  t o  move with 
r e l a t i o n  t o  the balance.  A backup model was available, and 
was re inforced  t o  prevent recurrence of the f a i l u r e .  

The balance first I n s t a l l e d  i n  the model exhibi ted 
excessive zero  s h i f t  on the a x i a l  fo rce  gage. A d i f f e r e n t  
balance was I n s t a l l e d  which gave improved r e s u l t s  f o r  
s e v e r a l  runs,  a l though the  accelerometers which are supposed 
t o  compensate balance outputs  caused by s t i n g  v i b r a t i o n  d i d  
no t  func t ion  very well. The o r i g i n a l  balance was then reworked 
t o  reduce the zero  s h i f t  and i n s t a l l e d  i n  the model. This  
gave be t te r  r e s u l t s  than  the a l t e r n a t e  balance,  and was used 
f o r  the remainder of the test. 

The AEDC personnel quoted a da ta  to l e rance  equal  t o  
*5$ of the balance rated loads on the measured balance 
outputs .  
element r e s u l t s  i n  the following probable e r r o r s  i n  f ina l  
c o e f f i c i e n t s :  

T h i s  e r r o r  of +-5$ on the output  from each balance 

CN = .092 

CA = .I21 CD = 0100 

= .O64 Cmcg= 0091 
cmA 

The data obtained during these tests were compared t o  
data obtained i n  the JPL 21" HWT a t  M = 9.0. The root-mean- 
square d i f f e r e n c e  between the Hotshot I1 data and the faired 
JPL data are as follows: 
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111. MODEL DESCRIPTION 

A .  General - 
The command module i s  a body of r evo lu t ion  con- 

s i s t i n g  of a conica l  nose, the apex of which i s  termin- 
ated i n  a s p h e r i c a l  t i p ,  and a s p h e r i c a l  heat sh i e ld .  
The nose cone i s  faired i n t o  the heat s h i e l d  by a corner  
r ad ius .  

Model cons t ruc t ion  c o n s i s t s  of a F ibe rg la s s  s h e l l ,  
re inforced  by magnesium s t r u c t u r e  which also provides 
attachment f o r  the balance block. Flush, screw-in 
type plugs are provided f o r  access  holes  necessary t o  
reach  balance-mounting screws and pressure tube con- 
nec t ions .  The balance mounts i n  the model a t  an angle  
of 150’. 

Structural  i n t e g r i t y  of the model i s  inves t iga t ed  
i n  Reference ( b )  . - B. Model Nomenclature and Full Scale  Dimensions 

Command Module, C 2  (Dwg.  NO . 7121-01098) 

Maximum diameter, i n .  
Radius of spherical hea t  s h i e l d ,  i n .  
Corner rad ius ,  i n .  
Nose cone semi-angle, deg. 
Nose cone ve r t ex  rad ius ,  i n .  

154 .OO 
184.80 

7 070 
33 000 
9.13 
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Tv. TEST PROCEDURE 

A .  T e s t  Nomenclature 

A = Axial Force, lb. P o s i t i v e  i n  a f t  d i r e c t i o n .  

CA = Axial Force Coeff ic ien t  = A/q& 

CD = Drag Coeff ic ien t  = D/qS, 

CL = L i f t  Coef f ic ien t  = L/qsw 

CmA = Pi t ch ing  Moment Coeff ic ien t ,  referred t o  apex 
of nose cone = mA/qSrd 

Cmcg = Pi t ch ing  Moment Coeff ic ien t ,  referred t o  

CN 

d = Maximum diameter of command module, i n .  

re fe rence  cen te r  of g r a v i t y  = mcg/gSn d 

= Normal Force Coeff ic ien t  = N/qSn 

D = Drag, lb. Pos i t ive  i n  downstream d i r e c t i o n .  

L = L i f t ,  l b .  Pos i t i ve  upward, normal t o  freestream 
d i r e c t i o n .  

mA = Pi tch ing  Moment about apex of nose cone, in- lb .  
P o s i t i v e  i n  d i r e c t i o n  which inc reases  u . 

mcg = Pi t ch ing  Moment about re ference  c.g., in - lb .  
P o s i t i v e  i n  d i r e c t i o n  which inc reases  a. 

M = Mach Number 

N = Normal Force, lb. P o s i t i v e  i n  upward d i r e c t i o n  
when o( = Oo. 

P = Pressure,  p s i .  

4 = Dynamic pressure,  p s i .  

U = Veloci ty ,  fps  

T = Temperature, OK 

-4- 



IV .  TEST PROCEDURE - continued 

A. T e s t  Nomenclature - continued 

RN = Reynolds Number based on diameter "d". 

S, = Reference area = Area of  c i r c l e  of diameter "d". 

Xcp = Distance from nose cone apex t o  i n t e r s e c t i o n  of 
r e s u l t a n t  force  vec tor  with model axis of  
symmetry, i n .  P o s i t i v e  i n  forward d i r e c t i o n .  

= Distance from nose cone apex t o  r e fe rence  c.g. 
a long model axis of symmetry, i n .  

= Distance from model a x i s  of symmetry t o  
re ference  c.g. ,  i n .  

end of axis o f  symmetry and the r e l a t i v e  wind 
vector .  

- 
X 

z 

a = Angle of a t t a c k ,  deg. = angle  between nose cone 

a s  

d o  = Offset angle ,  deg. 

8 

= Sector  o r  support angle ,  deg. 

= Angle between balance axis and model axis of 
symmetry. 8 = Oo w i t h  nose cone end of model 
a l igned  w i t h  forward end of balance axis, and 
is p o s i t i v e  when model angle  of a t t a c k  is 
g r e a t e r  than balance angle  of a t t a c k ,  deg. 

Subscr ip ts  and Superscr ip ts  

SAL - Refers t o  balance a x i s  

1 - freestream condi t ions  

0 - s t agna t ion  condi t ions  

( ) I  - condi t ions  j u s t  downstream of normal shock 
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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION @ 
I V .  TEST PROCEDURE - continued 

B. Model I n s t a l l a t i o n  

The FS-4 model was i n i t i a l l y  i n s t a l l e d  on the VKF 
3-6 three-component fo rce  balance wi th  its as soc ia t ed  
s t i n g ,  supported i n  a 20° o f f s e t  adapter by the Hotshot 
I1 model support  system. A complete d e s c r i p t i o n  of the 
f a c i l i t y  and i t s  operat ion i s  given i n  Reference ( c ) .  

A sketch of t he  i n s t a l l a t i o n  i s  given i n  Figure 2, 
and a photograph of the  model i n s t a l l e d  i n  the tunnel  
i s  presented i n  Figures  3 and 4. 

C. Inst rumentat ion 

1. Balance 

The VKF 3-6 balance used AB-32 r e s i s t a n c e  
s t r a i n  gages, on c a n t i l e v e r  beams, as sensing 
elements. Accelerometers, i n  the form of gaged 
c a n t i l e v e r  beams similar t o  the f o r c e  elements, 
were arranged t o  compensate f o r  low-frequency s t i n g  
o s c i l l a t i o n s  i n  the normal-force d i r e c t i o n .  The 
output  s i g n a l s  from the fo rce  elements were fed 
through low-pass res i s tance-capac i tance  f i l t e rs  
w i t h  a cu to f f  frequency of about 200 cps, amplified 
by a C.E.C. c a r r i e r  ampl i f ie r ,  and recorded on a 
C.E.C. osc i l lograph .  Both compensated and uncom- 
pensated s i g n a l s  were recorded. 

For the f irst  few runs, the compensation i n  
the above balance was inadequate,  and the axial 
f o r c e  gage showed an  excessive zero s h i f t .  The 
3-5 balance w a s  then i n s t a l l e d .  T h i s  was i d e n t i c a l  
t o  the 3-6 balance descr ibed above except t h a t  the 
accelerometer  sensing elements were va r i ab le  
re luc tance  c o i l s .  While t h i s  balance was i n  use, 

fo rce  zero s h i f t ,  and much s t i f fe r  accelerometers  
were i n s t a l l e d ,  us ing  semiconductor s t r a i n  gages 
as sens ing  elements. T'nis gave better r e s u l t s  
than  e i the r  of the  o t h e r  arrangements. 

t h e  3-6 balar?ce \.ras reworked to minimize t he  axial 

- 6- 
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IV. TEST PROCEDURE - continued 

C. Instrumentat ion - continued 

2. Pressure Measurements 

A 3 p s i d  wafer-type pressure  t ransducer  was 
mounted i n  t he  model and connected t o  one of two 
o r i f i c e s  i n  t h e  heat s h i e l d  face  of the model. 
T h i s  t ransducer  was used t o  measure P t 2  a t  the 
model l o c a t i o n  as a check on two p i t o t  probes, 
l oca t ed  one above and one below the model on the 
v e r t i c a l  cen te r  l i n e  of the  tunnel .  
a l s o  incorporated 3 p s i d  wafer gages. 
s i g n a l s  from t h e  three t ransducers  were recorded 
on a C.E.C. osc i l lograph .  

These probes 
The output  

3. Contamination Instrumentation 

The present state of Hotshot tunnel  develop- 
ment r e q u i r e s  t h a t  the l e v e l  of contamination i n  
t he  flow be monitored cont inua l ly .  Contamination 
o r i g i n a t e s  i n  the a r c  chamber, where par t ic les  of 
the e l ec t rodes  and i n s u l a t i o n  are eroded by the  
a c t i o n  o f  the arc. A d i scuss ion  of the problem 
and means of c o n t r o l l i n g  it is  contained i n  
Reference ( c ) .  

In  o rde r  t o  monitor t h e  amount of contamina- 
t i o n  i n  t h e  f low,  three types of inst rumentat ion 
were used. F i r s t ,  two hea t - t r ans fe r  probes were 
i n s t a l l e d  near the two p i t o t  probes. They each 
cons is ted  o f  a 0.5-inch r ad ius  hemisphere-cylinder, 
w i t h  one thermocouple ca lor imeter  gage a t  the 
s t agna t ion  poin t ,  and another  a t  the shoulder.  
It is  assumed that only the  s t agna t ion  region heat 
t r a n s f e r  measurement i s  a f f e c t e d  by flow contamina- 
t i o n .  Stagnation reg ion  heat t r a n s f e r  was computed 
from the shoulder gage measurements, and t h i s  was 
compared w i t h  the rate measured by the s t agna t ion  
p o i n t  gage. A d i f f e rence  greater than the normal 
e r r o r  i n  measurement i n d i c a t e s  t h e  presence of 
contamination. I n  add i t ion ,  a t h e o r e t i c a l  stag- 
na t ion  po in t  heat t r a n s f e r  rate was computed for 
comparison w i t h  t h a t  measured. 
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TV. TEST PROCEDURE - continued 

C.  Instrumentat- - continued 

The second type of contamination monitor cons is ted  of a t a r g e t  p l a t e ,  
loca ted  near t h e  bottom of t h e  t es t  sec t ion ,  which w a s  weighed before and 
after each blow. An increase i n  weight would ind ica t e  contarrination 
p a r t i c l e  inipingement on the  p l a t e .  

The t h i r d  set of monitoring instrumentation w a s  a photoe lec t r ic  c e l l  
loca ted  outside t h e  t e s t  sec t ion  sch l ie ren  window. 
t h e  opposite s i d e  of t h e  tunnel was focused on t h e  c e l l .  Any contamina- 
t i o n  passing through t h e  t e s t  s ec t ion  would diminish t h e  amount of l i g h t  
S t r ik ing  t h e  photocell, thereby changing i ts  output l e v e l ,  A second 
photocell  was used t o  monitor t h e  luminosity of t h e  gas i n  t h e  test  
sec t ion  t o  provide a correc t ion  t o  t h e  output of t h e  f i r s t  photocell. 

A l i g h t  source on 

Output s igna l s  from both photocells and from t h e  heat t r a n s f e r  gages 
mentioned previously were recorded on a C.E.C. oscil lograph. 
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\J 

N. TEST PROCEDURE - continued 

D. Data Reduction Equations 

Rotat ion from balance a x i s  t o  body a x i s  system: 

CN = -CNB& cos 8 + CABAL s i n  8 

CA = CNBU s i n  8 + CABAL cos 8 

Xcp/d = CmA/CN 

Angle of Attack: 

a = 8 - oc, - a, 
Rotat ion from body a x i s  t o  s t a b i l i t y  a x i s  system: 

CL = CN cos (X - CA s i n &  

CD = CA C O S a  + CN S i n &  

Cmcg = CmA + CN (z/d) + CA (z/d) 

Geometric Constants: 

S = 29.8025 i n , 2  

d = 6.160 i n .  

8 = 1500 
- x = 4.2276 i n .  

z = 0.3634 i n .  

H 0  = +loo f o r  O ( =  150" t o  180" 

-20" f o r  o(= 120" t o  150" 

- 

T e s t  Sec t ion  Conditions: 

Equations f o r  determining flow condi t ions  i n  the 
t e s t  s e c t i o n  are given i n  Reference (a) .  

-9- 
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APPENDIX "A" 
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RUN INDEX 

Configuration f o r  a l l  runs: C2 

Average T e s t  Conditions : 

Mach Number 
S t a t i c  Pressure 
Dynamic Pressure  
Reynolds Number 

Run - 
1256 

1260 
1261 
1263 

1257 
1259 

1264 

18.72 
.001 psia 
.348 p s i  
85,000 

Angle of Attack 

180" 
160" 
150" 
140" 
130" 
120° 
170" 

A- 2 
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Figure 1 - Diagram of  Model and Reference Systems 
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Figure  3 - Closeup of Model on Dummy Ealance 
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Figure  5 - Front  V i e w  of Model i n  Tunnel, o( = 120' 

B-7 

SID-62-977 
Appendix 'B" 



, 
I 

N O R T H  A M E R I C A N  A V I A T I O N ,  INC.  I SPACE and INFORMATION SYSTEMS DIVISION 

B-8 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  1 @ / SPACE and INFORMATION SYSTEMS DIVISION 

c 
a, 
L 
a, 
4 

0 
0 
.I- + 

I t  

I 

3 

SID-62-97 
A13pendl.x "B" 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

0 
0 

a 
B-10 

0 
0 
W 
rl 

II 

3 

SID-62-977 - 
Appendix "B" 



N O R T H  A M E R I C A N  A V I A T I O N ,  INC. SPACE and INFORMATION SYSTEMS DIVISION 

B-11 

0 
0 co 
I-! 

i i  



CORY Y-11s-NI-  (REV. S-.I) 

NORTH AMERICAN AVIATION, INC. 
SPACE and INPORhUTION By- DIVISION 

Q -  7 

nl 

i 

I 

.- . . .. i . . .. ... , j 
- . I  



w FORM M-113-NZ- (REV. 3-61) 

I I I 1 
I CAQC NO. 8-13 OI I 

N O R T i i  A i E R i C A N  AVIATION,  IFC. 
SPACE and INFORMATION SYSTEMS DIVISION 

CR.P:*L .I? T W  
SIP- 6 2  - 9 7 7  

1 I. - 1 1 __.._ -: : ..' ^... ..7 - _  ;.-- . ;----:. j 

i t ,  
+ i 3 ; ; ,  j 

I . : 1. .,.! . , .. !. !. !. r . .. . I -  



F O R M  M . l l 3 - N Z -  ( R E V .  3 -611  

I w a - m - r u  I 
I W U ~  I n AMEi3iCAi.i AViATiOi4. iNC. 
SPACE and INFORMATION SYSTEMS DIVISION 

PREPARED BY1 Th/ 

. .  
4~ 

! . . . . . . . . . - 

! 
. . . , .  

, 



FORM H-113-N2- (REV. 3-81) 

I I 1 

... 

. -  

t .  - .:+ _L- 

.. .. 

, 8 t .I . .  

FIG. ' /3 d 1 . . . . . . . . . . .  ................ 

. . . .  . . .  ..... - . . . . .  ......... _ _ _ _  ... ..L . L ..... * .-..--c-.-..--..... 
. -  . . .  . . .  . . . .  

: i  & . . . . . .  1 ....... j__ 

. .  . .  
. . .  

~ . . .  , . . . . . . . .  
: I . !  

... -_ . . . . . . . . . . . . . . . . . . . . . . . . .  f- ................ . .  

.. _. . - 
. , - . .  , . . .  

I - .  . . . .  

. . . . . . .  ~ . . .  . . . . .  .- 

I .  

! -  - - .  . .  , 
. . . . . . .  .-I-. .... ~ . .  . - ..... . - ~  . . . . . . . . . . . .  

t 
I I 

. . .  

. .  

. .  , * .  . 
.... 

...... ,_ .. _ _  

! _ .  . . . . . .  1. .- 

! . . .  ! 

...... .- ... 
4 

. . . . . .  

/ 

I .  . . . . .  . . . . . . . .  

f . ,!: . 

..... - .. 

. . .  

. . . 8- . . .  , ,  

I ' - 3  
.... .-  ... 

' . I  I 

... . ... . 
I .  

. . . . . .  , 
I 

. . . .  ...... L 
~ 

I L + . . . .  I.... 

I . -  
~ 

! 
1 .  . . . .  , .. ,. , 

i. , 
, -  

I .  : 
...... ....... -1 +.- ...... i ....... 

1 .  

...... ....... ...... i ....... 
1 .  

. . . . . . . . . . . . .  - - .. . . .  . . . .  

. ,  

...... - . . . . . .  

- .  

. .  
! -  g - !  

. ............. .-i __ . . . . .  

i ! . .  

j .  

.... . . . . . . . . . . . . . .  - 

I 

0 *\ ... 
\ 

. . ,  

- . .  . . .  ............. 

.. - . . . . . . . . . . .  

, 



FOHM M - 1 1 3 - N Z -  (REV.  3.61) 

I I I 1 

N O R T H  A M E R I C A N  AVIATION, INC. 
SPACE and INFORMATION SYSTEMS DIVISION 

PRLPARSD B I I  

S I P -  6 2 -  9 7 7  
CMLCKLD BIZ H c R E m m  NO. A pp€ND)X 8 

, 

. . . . . . .  

. . . . .  _. 

. . .  . .  . . "_ .<. -. . 

. .  

. . .  i '  . .  ..... . . . .  
! 

1 i : . I  ' . ,  
. .  . .  

1 .  . . . . . . . . . . . .  

I 

'! 

~ . . . . . . .  . . . . . . .  

! 
...... - _ _ .  ~. . . . . . . . . . . . . . . .  /._ . . . .  

8 -  
-- 





a 

.- - . -. - - ..- .... ̂  . , _ _  


